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METHOD FOR PREPARING ADJUSTABLY BIORESORBABLE SOL-GEL 
DERIVED Si0 2 

FIELD OF THE INVEN I ION 

The present invention relates to a method for adjusting the biorcsorption rate of 
5 sol-gel derived SiO* The present invention further relates to sol-gel derived Si0 2 
obtainable with the method, 

BACKGROUND OF THE INVENTION 

The publications and other materials used herein to illuminate the background of 
the invention and in particular, cases to provide additional details respecting the 
1 0 practice, are incorporated by reference. 

Sol-gel derived SiQ 2 is commonly prepared from alkoxides or inorganic silicates 
that via hydrolysis form a sol that com^lns either partly hydralysed silica species or 
fully hydrolysed silicic acid. Consequent condensation reactions of SiOH 
containing species lead to formation of larger silica species with increasing 

1G amount of siloxane bonds. Furthermore, the species aggregate, form nanosized 
particles and/or larger aggregates until a gol is formed. The sols derived from 
alkoxides provide possibilities to adjust the siloxane bond formations and 
aggregation due to possibility for partial hydrolysis. Reactions (typically at 
s£ 40 °C) are commonly catalysed either by mineral acids (such as HCI and HN0 3 ) 

20 or bases (such as NH a ). I he formed gen is then aged (typically at -£40 *C), dried 
(typically at <;40 °C) and/or heat-treated (typically at <700 °C) to desired form 
resulting typically in amorphous and porous SiO^ The last step, heat treatment at 
elevated temperatures (50-700 °C) is typically skipped if the system contains a 
biologically active agent. The gels that are dried at moderate temperature (at 

25 £ 50 C C) arc called xcrogels (<Gr. xero^dry). Amorphous and porous sol-gel 
derived Si0 2 is known to be biocompatible and known to dissolve in the living 
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tissue as well as in solutions simulating the inorganic part of real human body 
fluid, e.g. in a water solution buffered to pH 7.4 at 37 °C with or without inorganic 
sails found in real body fluids. 

The terms used for degradation of a material in or In contact with the living 
5 organisms, e.g. living tissue or in Gontact with plants, microbes etc., are numerous. 
The terms "biodegradable/biodegraUaliun" are often used as a general definition 
for degradation in or in contact with living organisms. The terms are also used, 
especially in connection with carbon-based polymers to describe that the 
degradation mechanism may include both dissolution in body fluids as well as 

1 0 enzymatic degradation of the polymer matrix. Regarding carbon-based polymers, 
this often moans either decrease in molecular weight or mass loss or both. The 
terms bhresotbable/bioresorption and bioabsorbableJbioabsorption are often used 
to describe materials degradation in or in contact with the living organism, mostly 
for implanted biomaterlals In living tissue describing a degradation mechanism 

15 mainly governed by dissolution in Ihe body fluids or by a mechanism that is not 
exactly known. Bioresurpliufi is often used for implantable ceramic biomaterials, 
such as bioactive glasses or sol-gel derived Si0 2 . The general terms 
dlssolutionlsoluble in body fluids are often used for biomaterials implanted into the 
living tissue. The terms (bio)erosionf(bio)Bn>dablQ are more often in use in drug 

20 delivery, especially as it is desirable to distinguish between the mechanisms that 
control the release* Surface erosion describes a material that is so hydrophobic 
that water absorption does not occur and dissolution/degradation occurs nn the 
surface and hulk erodahle material allow water absorption* 

The importance of bioresorbable materials is growing in controlled release of 
25 biologically active agents. It is often desirable to administer drugs as implants or 
as injected matrices, either in order to achieve Jocal and/or more effective results 
in a desired tissue or a controlled systemic effect. A large potential group of 
biologically active agents for this purpose Is hlotechnologlcally produced drugs. 
The number of these drugs Is growing fast and it is accelerated by the successful 
30 reseaiuh on the human genome. New biotech drugs are typically larger in size, 
such as peptides, proteins and polysaccharides, and direct oral administration is 
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difficult due to intestinal decomposition, In addition, bioresorbable matrices are 
potential materials for optimising the administration of small molecules by 
implantation, e.g, to avoid administration several times a day or to optimise the 
patient docility for drug therapy, in addition, bioresorbable materials are potential 
5 matrices as it is desirable to avoid extra removal operations that are commonly 
done for biostable delivery matrices, (such as POMS, polydlmethylsitoxane). 
Materials having pore sizes between 1-100 nm are In the same order of 
magnitude as the size of many peptides and proteins, but solely diffusion- 
controlled release is often far from the optimal. 

10 WO 93/04196 by Zink et aK discloses the idea of encapsulating enzymes in a 
porous transparent glass, prepared with a sol-get method, ihe purpose is to 
immobilize enzymes in the pore structure and thus, the release of the enzymes Is 
to be avoided. These porous, transparent glasses can be used to prepare sensors 
for qualitatively and quantitatively detecting both organic; and inorganic 

15 compounds, which react with the entrapped material. The pore radius in these 
glasses is so small (under about 4 nm) that the entrapped biologically active 
materials cannot diffuse out from tho glass. 

WO9b703117 by Uucheyne et al. discloses controlled release carriers, where 
blologicatly active molecules are Incorporated within the matrix of a silica-based 
20 glass. Here, silica-based glasses are typically multiuumponent glasses, and 100 % 
Si0 2 is a special case, with a very poor dissolution. The release of the biologically 
active molecules from the carrier is claimed to occur primarily by diffusion through 
the pore structure and bioresorption is not mentioned to affect the release of 
biologically active agents. 

WO 97/45367 by Ahola et ah describes controlled dissolvable silica-xerogels 
prepared via a sol-gel process. The preparation of dissolvable oxides (silica 
xerogels) is carried out by simultaneous gelation and evaporation and mainly 
concerns small particles made by spray-drying or fibres made by drawing. 
WO 01/13924 by Ahola et al. describes controlled release of a biologically active 
agent from a sol-gel derived silica xerogel. These inventions provide sustained 
and/or controlled release delivery devices for biologically active agents, hut they 
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do not give methods for adjusting bioresorption or merely give very limited means 
for adjusting biuresorption. 

WO 00/60349 by Jokinen et aL and WO 01/4055B by Heltola et al. disclose 
methods for preparation ot sol-gel derived silica fibres. WO 00/50349 discloses a 
5 method tor adjusting the biodegradation rate of the fibres by the controlling Itre 
viscosity of the spinning process. WO 01/40556 discloses a method for preparing 
a bloactlve sol-gel derived silica fibre, 

WO 02/080977 by Koskincn ct al. discloses a method for preparation ot a 
biodegradable silica xerogel comprising infecting and/or transfecting viruses. 

10 OBJECTS AND SUMMARY OF THF INVFNTION 

An object of the present invention is to provide a method for preparing a sol-gel 
derived Si0 2 with a very fast bioresorption rate. 

Another object of the present invention Is to provide a method for adjusting the 
bioresorption rate of sol-gel derived SI0 2 . 

15 Still another object of the present invention is to provide a sol-gol derived Si0 2 
a% • monolith tailored to have a desired bioresorption rate. 

A further object of the present Invention Is to provide a sol-gel derived S10 2 
|* *' m i coating tailored to have a desired bioresorption rate. 

r c jj 
» c 

A still further object of the present invention is to provide a sol gel derived Si0 2 
f :; 20 particle tailored to have a desired bioresorption rate. 

* 4 

V 

Pi* 

An object of the present invention is to also provide a rneLhud for administering a 
9 \ * biologically active agent into a human or animal body, or to a plant. 

f Jfr 2> « 

o «• 0 

Thus the present invention provides a method for preparing a sol-gel derived Si0 2 
*/•{ with a very fast bioresorption rate, said SiOa optionally comprising a specific 

\\ 25 percentage or percentages of a biologically active agent or agents other than the 

S1O2 itself with or without protective agent or agents for said biologically active 
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agent or agents, wherein method a sol-gel derived SiC>2 is prepared from a sol 
comprising water, an alkoxide or inorganic silicate and a lower alcohol, i.e. an 
alcohol with & 4 carbons, using a mineral acid or a base as a catalyst, preferably 
a mineral acid, and said sol is aged and dried. Characteristic for the method is that 

5 a) in the sol the starting 

i) pH is from 0.05 to 2.5, preferably 1 .5 to 2.5 T most preferably 2.0, 

ii) molar ratio of water to the alkoxide or Inorganic silicate is 0,5 to 2.5; 
preferably 1.5 to 2.5, 

IN) molar ratio of alcohol lo the alkoxide or inorganic silicate is >0*5, 
1 0 preferably ^ 1 .0; and 

b) either, 

i) the sol is T without induced changes of sol composition, 

• let to gel spontaneously at a temperature of ^25 °C or an 
elevated temperature of 65 °C to 90 °C, preferably at an elevated 

1 5 temperature of 65 °C to 00 °C, or 

* gelation of the sol is done by forced drying of the sol, or 

ii) a change or changes of sol composition are induced after sol ageing 
but before gel formation, said change or changes of sol composition 
optionally comprising addition of said biologically active agent or agents 

?0 with or without said protective agent or agents, and 

the ratio t/t ae i is > 0.005. preferably > 0.1 , most preferably s 0.9, 
wherein 

t is the ageing time of the sol, i.e. time from preparation of 
said sol to the induced changes, and 
25 tg 8 | is the time point where the sol would have turned to a gel 

without the induced changes; and 
forced drying of the sol is carried out or initiated within a time ot 
^30 minutes, preferably ^15 minutes, most preferably <5 minutes, 
from said Induced change or changes. 

30 The present invention also provides a method for adjusting the bioresorption rate 
of sol-gel derived Si0 2? optionally comprising a specific percentage or percentages 
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of a biologically active agent or agents other than the Si0 2 itself with or without 
protective agent or agents for said biologically active agent or agents. 
Characteristic for the method is that a SiO* with tho fastest bioresorption rate is 
obtained according to claim 1; and a Si0 2 with a slower bioresorption rate than the 
5 fastest bioresorption rate is obtained by 

a) deviating in the sol any of the starting values: 

i) pH, 

ii) molar ratio of water to the alkoxide or inorganic silicate, and/or 

iii) molar ratio of alcohol to the alkoxide or inorganic silicate; 
10 from the values defined in a) i) - iii) of claim 1 ; 

b) narrying out induced changes by addition of a component or components, 
Including optional addition of the biologically active agent or agents with or without 
said protective agent or agents, said changes affecting any of the values i) - iii) of 
a) of claim 1 or a) if applied by 

15 i) not carrying out forced drying, or 

ii) carrying out or initiating forced drying ot the sol later than defined in 
b) ii) ot claim 1 ; and/or 

c) deviating the temperature for letting the sol gel spontaneously from the 
values defined in b) i) of claim 1. 

20 The present invention further provides a sol-gel derived Si0 2 , obtainable 
according to the method ot the invention. Characteristic for the Si0 2 is that 

a) the Si0 2 is a monolith with a minimum diameter of ^ 0.5 mm, 

b) the Si02 uumprises no biologically active agent other than the S1O2 itself. 

The present invention still further provides a bioresorbable sol-gel derived Si0 2 , 
25 obtainable according to the method ot the invention. Characteristic for the S1O2 is 
that 

a) the Si0 2 is a monolith with a minimum diameter of s» 0.5 mm, 

b) the SiOz comprises at least one biologically active agont other than the 
Si0 2 itself, and 
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c) the dissolution rate 
and pi- 1 7.4 is SsO. 



of the Si0 2 in a TRIS buffer at a temperature of +37 °C 
wir%/h. 



35 



tfe 



5 



The present invention 
obtainable according to 
that 

a) the Si0 2 is a coating 

b) the Si0 2 either comprises 
one biologically active 



adtjitionally provides a bioresorbable sol-gel derived SiO?, 
method of the invention to which it is characteristic 



10 



The present invention 
obtainable according to 
that 

a) the Si0 2 is a partid 

b) the Si0 2 comprises 
and 

15 c) the dissolution rate 
and pH 7.4 is a0.Q|4 
>0.15 wt-%/h. 



moreover provides a bioresorbable sol-gel derived Si0 2) 
the method of the invention to which it is characteristic 



tho 



The present invention 
obtainable according tc 
20 that 

a) the Si0 2 is a particlb 

b) the Si0 2 comprise^ 
SiOp itself, arid 

c) the dissolution rate 
25 and pH fA is ^0.5 



The present invention 
obtainable according to t 
that 
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with a thickness of <.0.5 mm, 

no biologically active agent or comprises at least 
agent other than the Si0 2 itself. 



\ with a maximum diameter of £ 100 uw\ 
no biologically active agent other than the SiG 2 itself, 

of the Si0 2 in TRIS buffer at a temperature of +37 a C 
wt-%/h, preferably ZzQ.Qf wt-%/h and more preferably 



4lso provides a bioresorbable sol-gel derived SiC>2, 
method of the invention to which it is characteristic 



with a maximum diameter of ^ 100 //m T 
at least one biologically active agent other than the 

of the Si0 2 in TRIS buffer at a temperature of +37 a C 
wt-%/h. 



fdirther provides a bioresorbable sol-gel derived Si0 2l 
le method of the invention to which it is characteristic 



a) the Si0 2 is a monolith with a minimum diameter of >: 0.5 mm, 
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b) the Si0 2 comprise^ at least or|e biologically active agent other than Lhe 
Si0 2 itself, and 

c) the dissolution rate lof the Si0 2 ih 
and pH 7.4 is flrom 0.001 
to 0.05 wt-%/h, and from 0.006 to 



the 



The present invention slil 
obtainable according to 
that 

a) the Si02 is a particlk 

b) the Si0 2 comprises 
and 

c) the dissolution rate 
and pH 7.4 is 
0.003 wt-%/h. 



from 



The present invention dlso providds 
obtainable according to tftc method pjf 
that 

a) the Si0 2 is a particl^ with a 

b) the SiQ 2 comprise^ at least 
SiO? itself, and 

c) the dissolution rate of the Si0 2 
and pH 7.4 is from 0.00 
to 0.07 wt-%/h, and more 



tie 



The present invention adpiti 
obtainable according to 
that said Si0 2 comprises 
said biologically active agint 



The present invention sti 
obtainable according to the 



further provides a bioresorbable sol-gel derived SiO^, 
method qf the invention to which it is characteristic 



of the Si0 2 
0.001 
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a TRIS buffer at a temperature of +37 *C 
to 0.06 wt-%/h, preferably from 0,002 
0.025 wt-%/h. 



wilh a maximum diameter of ^100 //m, 
no biologically active agent other than the SiQ 2 itself. 



in TRIS buffer at a temperature of +37 °C 
:o 0.008, and preferably from 0,002 to 



a bioresorbable sol-gel derived SiO^, 
the invention to which it is characteristic 

max mum diameter of ^100//m, 
ofle biologically active agent other than the 



of 



ionally pro 
method 
a biological!! 
is a peptic! 



in TRIS butter at a temperature of +3/ *C 
to 0.10 wt-%/h, preferably from 0.002 
preferably from 0.006 to 0.05 wt-%/h. 



»/idcs a bioresorbable sol-gel derived Si(>2j 
the invention to which it is characteristic 
active agent other than the Si0 2 itself and 
e, a protein era cell, 



I further prdf/idos a bioresorbable sol-gel derived Si0 2 
method ofjfche invention for administering a biologically 



i 
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active agent lu a human or 
selected from the group 
nasal, ocular, intrauterine, 



animal bod ^ wherein said use comprises administering 
consisting of sral, buccal, rectal, parenteral, pulmonary, 
vaginal, ureteral, topical and transdermal administering. 



ais3 



The present Invention 
derived SiO? monolith, 
above for administering a 
wherein said use 
oral, buccal, rectal, 
urethral, topical, transdermal 
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10 The present invention additionally pre vides a method of use of a bioresorbable 
sol-gel derived Si0 2 obtainable according to the method of the invention and a 
bioresorbable sol-gel derived Si0 2 according to the invention for administering a 



biologically active agent to 



BRIEF DESCRIPTION OR 



1 5 figure 1 shows dissolution 
Figure 2 shows dissolution 



Figure 6 shows release of 
the invention. 



Uoio 



provides c method of use of a bioresorbable sol-gel 
cdating or panicle according to the invention as defined 
biologically active agent to a human or animal body, 
comprises administering selected from the group consisting of 
parenteral, pulmonary, nasal, ocular, intrauterine, vaginal, 
and surgically implantable administering. 



a plant 

THE DRAWINGS 
of SiO z monolith matrices according to the invention, 
ot Si0 2 microspheres according to the invention. 



figure 3 shows dissolutibn of propranolol comprising SiO^ monolith matrices 
according to the invention and releasejof propranolol from the matrices- 
Figure 4 shows dissolution ot proprand ol comprising Si0 2 microspheres according 
20 to the invention and release of proprarijplol from the microspheres. 

Figure 5 shows dissolution of BSA (protein) comprising SiO* monolith matrices 
according to the invention and release 



BSA (protein) from SiO? monulilh matrices according Lu 



of BSA from the matrices. 
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BSA (protein) from Si02 microspheres according to the 



DETAILED DESCRIPTION Of THE PREFERRED EMBODIMENTS 



Terms 

5 The term sol-gcf derived Si0 2 refers to a Si0 2 prepared by the sol^gel process 
wherein the Si0 2 ie prepared from a sol comprising Si0 2 that has turned to a gel, 
Sol-gel derived Si0 2 Is typically prepared from alkoxides or inorganic silicates that 
via hydrolysis form a sol that contains either partly hydrolysed silica species or 
fully hydrolysed silicic acid. Consequent condensation reactions of SiOH 
10 containing species lead to fonnation of larger silica species with increasing 
amount of siloxane bonds. Furthermore, the species aggregate, form nanosized 
particles and/or larger aggregates until a gel is. formed. In the form of a gel, the 
solid state dominates, but 



the system still contains varying amounts of liquids and 
the material is typically soft and viscoelastic before drying and hard and brittle if it 

is extensively dried. In the form of a sol, liquid state dominates, but the system 

j 

contains varying amounts nf solid phases) and the system is still flowing. 



Ageing of the sol shall be 



understood to mean, that after initial preparation of the 



sol the sol is let to be (i.e. reactions and/or aggregations go on without induced 
changes in composition} without spontaneous drying or with simultaneous, 



spontaneous drying in aijnbient conditions until changes are induced or, if no 
changes are induced, until it turns to a gei spontaneously. The time from 

are induced, or if no changes are induced until the sol 
as so/ ageing time. Spontaneous drying typically occurs 
when the sol is aged so that the system allows evaporation in ambient conditions. 
Optionally, this is prevented by keeping the sol in a closed system. 



preparation until changes 
turns to a gel is referred tc 



In the context of this app 
refers to phi/molar ratio at 



ication the phrase in the sol the starting pH/moiar ratio 
the time when the sol is prepared, i.e. when the original 
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components of the sol are mixed (excluding those components that are optionally 
added after ageing of the sol). 

In the context of this application the phrase induced change or changes: of sol 
composition shall be understood to mean any change intentionally inducer! to the 
composition of the sol. It can be a change of composition induced by adding more 
ot one or more of the original components of the sol, e.g. water, the alkuxide or 
inorganic silicate, the alcohol or the catalyst, i.e. a mineral acid or a base. It can 
be a change of composition by adding one or more new components to the sol a 
e.g. a biologically active agent if it changes e.g., ;the pH of the sol, an acid, base or 
buffer to adjust the pH, jor any other component needed to obtain a desired 
property of the final SioL It can be a sudden physical change affecting the 

i 

composition of the sol. Sijjch a physical change can for example be elevation of 

the temperature or decrease in pressure resulting in a sudden release of volatile 

i 

components (e.g, water, jalcnhol. and/or volatile acid or base) of the sol, e.g. 
sudden forced drying, such as spray drying. Such a physical change could also be 
subjecting the sol to different forms of energy, e.g, electromagnetic or acoustic 
energy, which could result! in a pronounced change in the composition. 

Component or components to be added to induce changes refer to any 
component added irrespective of whether the component or components are 
?0 original constituents of th4 sd! or a biologically active agent or agents, or an agent 
or agents protecting the bibloglcally active agent or agents. 

Gel formation shall bo understood to mean the time point when the eol turns to a 
gel, as the solid phase becomes dominant, i.e. the continuous phase, In contrary 
to that of the sol where th'e liquid phase dominates. In the form of a gel, the solid 
state dominates, but the system still contains varying amounts of liquids and the 
material is typically soft and viscoelastic before drying, and hard and brittle If It Is 
extensively dried. In the form of a sol, the liquid stale dominates, but the system 



15 



25 



contains varying amounts 



of solid phase(s) and the system is still flowing. 
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can be a living or dead cell 
plasrnid or a part thereof. 
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Ageing of the gel should be understood to mean! that after gel formation the gel is 
lei lo be, either without spontaneous drying orj with simultaneous, spontaneous 
drying- 

Biologically active agent in the context of this application refers Lo any organic or 
inorganic agent that Is biologically active, i.e. it; induces a statistically significant 
biological response in a living tissue, organ or brganism. The biologically active 

agent can be a medicine, peptide, protein, polysaccharide or a polynucleotide. It 

t 

or tissue, a bacteria! a virus, a bacteriophage and a 

! 

It can bo an agdnt for treatment of diseases in 

i 

therapeutic areas like alimentary/metabolic, blood and clotting, cardiovascular, 
dermatological, genitourinary, hormonal, immunological, infection, cancer, 
musculoskeletal, neurological, parasitic, ophthalmic, resipiratory and sensory. It 
can further be for treatment! of diseases like osteoporosis, epilepsy, Parkinson's 
disease, pain and cognitive |dysfunction. It canjbe an agent for the treatment of 
hormonal dysfunction diseases or hormononalj treatment e.g for contraception, 
hormonal replacement therapy or treatment withj steroidal hormones. It can further 
be an agent such as an anHbiotic or antiviral, ajnti-inflamrnatory, neuroprotective, 
prophylactic vaccine, memory enhancer, analgesic (or analgesic combination), 
immunosuppressant, antidiabetic or an antiviral. It can be an antiasthmatic, 
anticonvolsaht, antidepressant, antidiabetic, 6r antineoplastic- It can be an 
antipsychotic, antispasmodic, anticholinergic, J sympatomirnetic, antiarrytthimic, 
antihypertensive, or diuretics. It can be an agenjt for pain relief or sedation. It can 
also be a tranquilliser or a drug for cognitive disfunction. The agent can be in a 
free acid or base form, a salt or a neutral compound. It can be a peptide, e.g. 

a growth factor; j or an antibody. It can be a 
! or a salt. 



levodopa; a protein, e.g 
polynucleotide, a soluble ion 



i 



Protecting agent or agents ih the context of this {application refer to a substance or 
substances that are useful fpr protecting and/or enhancing the biological activity of 
a biologically active agent. 

In the context of this application the term forced drying refers to the use of a 
drying process comprising a sudden physical change that stops or highly slows 
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or acoustic energy. The physical 
le temperature, preferably freezing 



13 

down the reactions in the sol leading to the formation of the gel. The physical 
change can be a change tliat speeds up the jiate of drying; preferably at least 
momentarily more than tenfold. Such a physcal change can for example be 
pronounced elevation of the; temperature or decrease in pressure resulting in a 
sudden release of volatile components (e.g. wajber. alcohol, anri/or volatile acid or 
base) of the sol. Such a physical change colild also be subjecting the sol to 
different forms of energy, e ; g. electromagnetlcj 
change can also be an esse ntial decrease of tlje. ._. 

the sol. so as to stop or fessentially slow dcjwn the reactions leading to gol 
formation. Typically forced irying of the sol iaj by spray-drying or frcczc-drying. 
Initiation of forced drying refers to, e.g. in the dase of freeze-drying to freezing of 
the sol. 

The term dissolution rate refers to Si0 2 matrix resorption in TRIS (e.g.. Trkma 
pre-set Crystals. Sigma) sclution buffered at pH 7.4 and 37 °C that simulates 
conditions of body fluids. Th^ TRIS solution is fpm 0.005 M to 0.05 M. In practice 
the concentration of TRIS solution is varied according to specific demands of the 
analysis of a biologically active agent since determination of the release rate of the 

ypically carried ou 



biologically active agent i 
matrix is determined. It is 
systems that include spec 
molecule. Such interference 



when the dissolution rate of the 
common that buffers interfere with many analysis 
tic reagents that nteract with the analysed target 
is often connected to certain buffer concemrailon. 



Determination of the dissolution rate is carried out as follows: The TRIS buffer is 
sterilized et 122 °C before lise. The Si0 2 concentration in the TRIS is kept below 
30 ppm (to ensure in sink Conditions; free dissolution of the Si0 2 matrix) during 
dissolution. The SiO £ saturation level at pH 7.4 is about 150 ppm. When needed, 
a portion of the dissolution tiedium is changec to a fresh TRIS buffer in order to 
keep the Si0 2 cancentratianj'below 30 ppm. The dissolution rate Is measured from 
the linear phase of the relelse curve that is typical after a typical initial deviation 
(slower or faster phase of ifelease than the linear main part of the release) and 
before a typical slower phase of the release before the total 100 % SiOs 
dissolution. The linear phasie of fho release is typically longer than the deviating 
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The linear phase of the release 



(wt-% dissolved ^iO?/h) with a linear regression 
total amount (IOC 



the theoretical amount of S 
according to the net reactioi 
mol SiO*). 



J: 



The term cell means any llvlrjg or 
animal, such as a mamma' 
15 included. 



The term coating refers toi in 
thickness of < 0.5 mm on any surface. 



Features of the Invention 



The present invention relate 
derived SiQ 2 useful e.g 



o 2 



wt-%) of Si02 is calculated from 
;hat can be! obtained from the sol composition 
!, 1 mol of used alkoxidc, TEOS corresponds to 1 



dead cell of any organism. Thus cells of e.g. any 
including a human, plant, bacteria and fungi are 



the context of 



generally to biocompatible and bioresorbable sol-gel 



regenerative medicine and cell 
living organisms, e.g. plants. Th 



. \or h rug delivery 
therapy in the 



I 

buccal, rectal, parenteral (e.g 



;e use of sol-gel derived Si02 can e.g. be oral, 



subcutaneous 



intra 



intravenous injection and 
intrauterine, vaginal, urethral, 
delivery of monoliths, coaxing^, 
suspension. I he bloresorptjon 
adjustments of the precursi 
of hydmlysed silica sped 



r rat 
s. 



in thfe end release 

curve (wt-% dissolved SiO|h) can be defiiied by making a linear regression 
analysis of the measured rileasie points (wt- 0 ^ dissolved Si0 2 /h). Points of a 
possible initial deviation phsi>e (slower or fastei 

excluded if the points decrease the linear regression 
< 0.9. I he linear piase of the release curve (wt-% 
dissolved SiO £ /h) can be iefinad by making a linear regression analysis of 
measured release points 
correlation factor s 0.9. Th 



this application any coat with a 



of 



matrices, in tissue engineering, 
ring tissue or in contact with other 



injection, intramuscular injection, 
arterial injection), pulmonary, nasal, ocular, 
ijopical, transdermal and surgically implantable 
or nano- or rnicroparticles as such or in 
the SiOa matrices can he controlled by simple 
os that influence condensation and aggregation 
he bioresorbable matrices obtainable by this 
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ypes of biologically active agents 



in a controlled manner dependent on the Si0 2 matrix bioresorption. 

The present invention provides methods to cnritrol the bloresorptlon of sol-gel 
derived Si0 2 . The control of taiorsssorptlnn Is basbd mainly on the precursor ratio 
adjustments and specific process parameters tf at quench the reactions affecting 
the bloresorption. The adjustably bioresorbable • matrices can be Utilised in the 
controlled release of biologically active agents. The biologically active agent can 
be e.g. in the form of salt like selegiline hydrochloride or in the form of free acid 
(ibuprofen) or free base (miconazole) or a neutral compound. The biologically 

e.g. levodopa, a protein also an enamel matrix 
morphogenetic protein. An effective amount of a 



biologically active agent can! be a dried tn the reaction at any stage of the process. 
The dissolving Si0 2 matrix; may also Itself aiitj as a biologically active agent, 
especially In bone, where the d ssolved silica species are known the affect the 
formation of new bone. The 5 adjus>tably bioresorbable sol-gel derived Si0 2 can also 
be used in contact with other living organisms,; e.g., in contact of cell walls of 
plants to enhance plants 1 performance, e.g. sc 
active agent can further bo on agent with a biological effect on any tissue, ceil or 
organism as defined and exemplified earlier. 

20 Sol-ge! derived SiOa is a very suitable material 



Its contact with a living tissue is [good, i.e., it is 



tb be used for controlled release, 
lion-toxic and biocompatible. The 
nature of the sol-gel process that starts from ersol in the liquid phase makes it 
easy to add biologically active agents and if des ij-ed, the temperature can be kept 
at =5 40 °C during the whole process and the IpH can largely be adjusted. In 
addition, amorphous Si0 2 is bioresorbable at phlj7.4 and 37 °C, Amorphous SiQ 2 
can be prepared by several ways, e.g., by a 1 conventional high temperature 
melting-cooling process to produce glasses, butlthe use of the sol-gel process In 



the preparation of amorphous 
bloresorption as well as preserve 



S1O2 provides 



30 Bioresorption depends both! on chemical structi iie (e.g., the number of free SiOH 



groups or degree of condensation) of the SiOi 



the biological 



activity of the encapsulated agent. 
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The denser the gel structure is th e more important is the size of the material with 
respect to the bioresorption- If, e.g. a Si0 2 monolith or a particle has a very large 
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it usually contains also a lot of 



hat grinding of the monoliths or particles to ha 
Icantly increase the surface area. 



nanosi2cd pores, which means 
smaller, e.g. from 1 cm to 50 /jm s does not signi 
only the diffusion path length becomes shorter. In the case of a dense SiO? 
monolith or a particle, both; surface area and .^Iffusion path length are strongly 
affected by grinding. Chemical isnd pure structure can be adjusted on a large 
scale by Ihe sol-gel process. In addition to adjusting the precursor concentrations, 
the pore structure is commonly edjusted using additional organic templates (e.g., 
mesoporous MCM-41-typc Si0 2 ), but most of the organic templates are not 
biocompatible and the pore structure can be adjusted well enough (with respect to 
the bioresorption) without any organic additives,. 

: > 
I . ; 

The mechanism of the release of a biologically active agent from the prepared 
SiO? may be diffusion or resorption controlled' or a combination of both, but in any 
case, the role of bioresorption in the overall release rate of biologically active 
agents can bo adjusted to bo significant. 

i | . 5 

The present invention provides methods to prepare and adjust the bioresorption 
rates of Si02 on a large scale. This can be done by a alkoxy-based sol-gel or 
inorganic silicate method ai conditions that c^n be adjusted to be friendly for 
several kinds of biologically [active agents by adjusting the precursor ratios (water- 
to-alkoxide ratio, alcohol arnoun :, pH), ageing; of the sol and by using different 
preparation methods [e.g, ageing and gel formation and drying of the sol or the gel 
in a heat oven in normal atmosphere or in the 100 % or partial gas (e.g. Ivfe) 
atmosphere, or drying of the sol or gel by ^vacuum, electromagnetic energy, 



acoustic energy, spray-dryifig or fnee7e-drylngf 



prepared Include monoliths: (ag 



addition, the amount of biologica 



The morphologies that can be 



sticks, rods, tablets etc), coatings, nana- and 



microspheres mainly for orgl, buccal, rectal, parenteral, pulmonary, nasal, ocular, 
intrauterine, vaginal, urethral, topical, transdermal and surgically implantable 
administration or for tissue engineering, regenerative medicine and cell therapy. In 

ly active agent i 



in the Si0 2 matrix, the biologically 
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active agent itself, ageing and drying tempferature and the drying procc 
conditions affect the bioresorption, but the mai 
bioresorption rate is the ratio of precursors* It 

amounts of the biologically active agent, protective agent for said biologically 
active agent or any additional substance of' tne sol comprised within the SiO a 
matrix increases dissolution of SiQ 2 , simply due 
structure more hetergenous. | 



The invention provides a specific narrow range 



n factor that controls the overall 
should also be noted that large 



:o their presence making the S1O2 



of precursor ratios that result in 



fast dissolving Si0 2 structure anjd all deviations from this make the Si0 2 matrix 
dissolve slower in aqueous solutions at a pjH;frorn 7.0 to 7.5. In addition, the 
invention provides means to deviate from the! chosen precursor ratios for a short 
time without loosing the original effect of the original precursor ratios on the SiO? 
bioresorption. I 



The fastest dissolving Si0 2 matrices can be 
1b conditions where rhe rate of ! hydrolysis is ! 



prepared, e.g. from alkoxides at 
relatively fast, but the rate of 
condensation Is at minimum, near a molar wker to alkoxide (e.g. TEOS) ratio 
(R-value) of about 2 at>a pH of about 2 and a high enough molar ratio or alcohol 
(e.g. EtOH) to alkoxide (e.g., TEOS) of about! 
aged and optionally also dried at low temperatures, preferably at ^ 50 °C, ( low 
enough to preserve biological activity of an optionally comprised biologically active 
agent or agents) until a gel is formed- The gel© 

temperatures, preferably at sz50°C. Alternatively, if no termolabile biologically 
active agent is comprised high or even very high temperatures, up to e.g. 700 °C, 
can be used. 



Some methods of sol drying allow also short 
precursor ratio without loosing the original effec 

the Si0 2 bioresorption. These methods lead to f< 

l 

stop or highly slow down, preferably quench ail 



affect the bioresorpliou rale (decreasing amount of SiOH during the condensation 



30 decreases the Si0 2 dissolution rate). The agef 
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" chosen before the short-time affecting adjustments. Short time affecting 
adjustments can for example bo an adjustment! of pH to a pH from 5 to 7 and/or 
addition of water to decrease the relative amour it of ethanol if required in order to 
maintain the biological activity of the ingredient. I he ageing time affects the 

5 relative ratios of reacted silica species. After th& desired ageing time of the sol. It 
is either spray or free7e dried so that the eflteqtj of deviations is short, preferably 
< 5 minutes, but at least faster than <. 30 minlites. For micrupar tides made by 
spray-drying, deviation from Lhe optimal fast-dissolving precursor ratio by diluting 
Lhe sol with HsO and/or alcohol, e.g. EtOliJ makes it possible to prepare fast- 

10 dissolving micro particles. Spray-drying of the undiluted sol at high t/t Q3 i -values 
(^0.9) is sometimes impossible due to its high Viscosity. 



Preferred embodiments 

Typically an alkoxide, preferably tetraethovy^il^he (TFOS), is used for preparing 
the snl-gel derived Si0 2 . If an inorganic silickej is used for preparing the sol-gel 
15 derived Si02 it is preferably sodium or potassium silicate. The lower alcohol is 



preferably ethanoL 



i i 



It an induced change or changes of the composition of the sol is carried nut, the 
change or changes are preferably selected frdrn the group consisting of adding 

water, adding the alkoxide or inorganic silicaUj adding the alcohol, adjusting pH 

! ii 

by adding an acid or base, preferably the jadd or base used as lhe ualalysl, 

j ! j 

adding the optional bioactive agent or agents with or without protective agent or 
agents for said biologically active agent or -agents affecting pH, molar ratio of 
water to the alkoxide or inorganic silicate, anjcl/or molar ratio of alcohol to the 

alkoxide or inorganic silicate, and any combination thereof. 

I II 
! Ii . 

Drying of the sol can be drying by arnbienl hisaU vacuum drying, electromagnetic 
drying, acoustic drying, spray-drying or freezej-drying, preferably spray-drying or 
freeze-drying. Forced drying of the sol caq fee carried out by spray-drying or 
freeze-drying > Freeze-drying can be initiated by freezing the sol. 
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The temperature uf the sol is typically +80 "C, preferably ^ +50 "C, most 
preferably ^+40 a C. :j 

ii • 

The gel obtained can be dried. Drying of the gel is typically drying by ambient 
heat, vacuum drying, electromagnetic drying. '-acoustic drying, spray-drying or 
freeze-drying. preferably ambient heat orfreeze-idrying. The gel is typically dried at 
a temperature of ss 700 °C, preferably ^ 50 °G, and most preferably ^40 °C. 

A value that can be deviated to obtain a slower bloresorption rate is the ratio or 
water to the alkoxide or Inorganic silicate, and the more the ratio of water to 
alkoxide or inorganic silicate is deviated to be higher or lower the slower the 
bioresorption rate obtained. Another value that can be deviated to obtain a slower 
bloresorption rate is the ratio of alcohol to tho alkoxide or inorganic silicate, and 
the more the ratio is deviated to be higher or tower the slower the bioresorption 
rate obtained. The ratio of alcohol to alkoxide :ban be deviated to be as low as 
zero, i.e, the sol would originally comprise no alcohol. A further parameter that can 
be deviated to obtain a slower bioresorption rate is the pH. and the more the pH is 
deviated to be higher or lower the slower the bioresorption rate obtained. 

A great change in molar ratio of water to alkoxicje, e.g, from 2 to 50 or even up to 
100, by adding water would simultaneously make the sol more biocompatible, e.g, 
the alcohol concentration would become* Inwer. i- 

•j 

A biologically active agent or agents can be added to the sol before gel formation. 
The biologically active agent or agents can'bs any agent inducing a biological 
response in a living tissue, organ or organism sjs defined and exemplified above. 
Typical biologically active agents; are selected from the group consisting of a drug, 
peptide, protein, hormone, growth factor, enzyme, polysaccharide, living or dead 
cells or viruses or parts thereof, plasmfcls, polynucleotides, water soluble ions, 
salts and any combination Lhereof. 

The pH value, molar ratio value of water to the alkoxide or inorganic silicate, 
and/or molar ratio value of alcohol to the alkoxide or Inorganic silicate can be 
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changed to deviate from the ranges with which the fastest bioresorption rate is 
obtained, after sol ageing but before gel formation and/or optional addition of said 
biologically active agent or agents if within ^ 3o|ininutes, preferably s£ 15 minutes 
and most preferably b minutes, from the change forced drying of the sol is 
5 carried out or initiated. 



The aoi-gei derived Si0 2 is typically a monql th, preferably With a minimum 
diameter of ^ 0.5 mm; a coating, preferably with a thickness of < O.b mm; or a 
particle, preferably with a maximum diameter of ^100 jjm. 



Preferred dissolution rates of Si0 2 depend oh 
intended for. For many applications, such ad 



which applications the Si0 2 is 
oral, buccal, rectal, pulmonary, 



transdermal and other parenteral applications, high dissolution rates are required. 

Monoliths with a minimum diameter of ssO.5 mrif without a biologically active agent 
other than the SiO* itself typically have a dissolution rate of the SI0 2 in TRIS 
buffer at a temperature of +37 °C and pH M ? ;ihat is 5*0.04 wt-%/h, preferably 
1 5 ^ 0.07 wt-%/h and more preferably ;> 0.1 5 wt-°/b/h. 



Coatings with a thickness of < 0-5 mm and corrip rising no biologically active agent 
other than the Si0 2 itself or comprising at least bno biologically active agent other 
than the Si0 2 itself typically have a dissolution rate of the Si0 2 in TRIS buffer at a 
temperature of +37 °C and pH 7.4 that is Ss 0.04 
and more preferably 5* 0.15 wt-%/h. 



Particles with a maximum diameter of ^100 
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wt-%/h, preferably >0.07 wt-%/h 



comprising no biologically active 



agent other than the S\O z itself typically hove a dissolution rate of the Si0 2 in TRIS 
buffer at a temperature of +37 C C and pH 7.4 : that is ^0.04 wt-%/h f preferably 
^0.07wU%/h and more preferably 5*0.15 wtf%/h. A particle with a maximum 
diameter of <100 /./m comprising at least one Biologically active agent other than 
the SI0 2 Itself typically have a dissolution rate of the SiO? in TRIS buffer at a 
temperature or +37 °C and pH 7.4 that is £: 0.5 wt~%/h. 
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Fur soma purposes high, very high and extrbmely high dissolution rates are 
preferable. Especially preferred dissolution rates of tha Si0 2 for the monoliths, 
coatings and/or particles can for these purposes be up to ^ 0.30 wt-%/h, ^ 
0.5wt%/h, ^1.0wt-%/h t ^2.0wt-%yh f ^4.0 \Aft-%/h 7 ^6.0 wt-%/h, :>8.0wt-%/h 
and even >1Q-0 wt-%/h depending on the particular application* The fastest 
dissolution rates are preferable for e.g. oral preparations. 



In other cases long term dissolution rate6 arej 
parenteral applications, tissue engineering 
applications. : 



-equired for instance for certain 
and regenerating medicine 



A monolith with a minimum diameter of ^0.5 mm comprising no biologically active 
agent other than the SiO z itself can typically haye a dissolution rate of the SiQ 2 in 
a TRIS buffer at a temperature of +37 °C and pH 7 A that is from 0.001 to 



0.15wt-%/h, preferably from 0.002 to 0.07 wfc 
0.006 to 0.05 wt-%/h. 



» r %/h, and more preferably from 



A monolith with a minimum diameter of ^0. 
biologically active agent other than the SiD 2 itsbl 
rate of the Si0 2 in a TRIS buffer at a 
from 0.001 to 0.06 wt-%/h, preferably from.C 
preferably from 0,006 to 0.025 wt-%/h 



.5 mm comprising at least one 
f can typically have a dissolution 
tempe^ture of +37 °C and pH 7.4 that is 
002 to0.05wt%/h, and more 



one 



A coating with a thickness of < 0.5 mm 
other than the Si0 2 itself or comprising at least 
than the Si0 2 itself can typically have a dissolution 
at a temperature of +37 u c and pH (A th& 
preferably from 0.002 to 0.07 wt-%/h, and 
to 0.05 wt-%/h, i 



comprising no biologically active agent 
biologically active agent other 
rate of the Si0 2 in TRIS buffer 
is from o.noi too.15 wt~%/h, 
more preferably from 0.005 



A particle with a maximum diameter of 2^100 /ijr 
agent other than the Si0 2 itself can typically hav 
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TRIS buffer at a temperature of +37 "C and pljl 
and preferably from 0.002 to 0.003 wt-%/h. ; 



7.4 that is from 0.001 to 0.008, 



A particle with a maximum diameter of < 100 /mi comprising at least one 
biologically active agent other than the SiO? itself; can typically have a dissolution 
rate of the SiO? in TRIS buffer at a temperature jcf +37 °C and pH 7.4 that is from 
0.001 to 0.10 wt-%/h, preferably from 0.002 to 6.07 wt-%/h, and more preferably 
from 0.006 to 0.05 wt-%/h. I 



A bioresorbable sol-gel derived Si0 2 , obrainahle 



according to the method of the 



invention comprising a biologically active agent jother than the SiO? itself that is a 



-ate of the SiO? in TRIS buffer at 
is S: 0.04 wt-%/h, preferably 
. For some applications an even 



peptide, protein or cell typically has a dissolution 

a temperature of +37 n C and pH 7.4 tha 

j 

&0.07 wt-%/h and more preferably &0.15 wt-%jh 
more preferable dissolution rate is &0.5wt-%/h and even >4.0 wt-%/h. Foro 
other applications a typical dissolution rate cad be from 0.001 to 0.15 wt-%/h, 
preferably from 0.002 to 0.07 wt-%/h, and more preferably from 0.006 to 
0.05 wt-%/h. 



Examples 



Example 1 



Matrix dissolution was studied by immersing sil ca monoliths in 0.005or 0.05 M 
TRIS buffer solution (pH 7.4, 37 U C) in in s/nfr! conditions (SiO a < 30 ppm). The 
TRIS buffer was sterilized at 121 X before ijse. The dissolution studies were 
done in the shaking water bath. The SI concsntratlon of the TRIS buffer at 
different time points was measured with ja spectrophotometer (UV-1601, 
Shimadzu) analysing the molybdenum blue com ilex absorbance at 820 nm. The 
dissolution of the matrix is presented as cunk lative release of Si0 2 from the 
matrix. The total amount (100 %) of SiO z is calcu ated from the theoretical amount 
of SiO z that can be obtained from the sol composition according to the net 
reaction (1 mol of used alkoxide, TEOS corresponds to 1 mol SiQ 2 ). 
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The dissolution of 3i02 monolith matrices 1 to; 

figure 1 . i 
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Matrix 1 (figure 1) 

I i. 

The initial sol concentration (mol ratio) and caic Jlated pH were: H2O/TEOS = 2. 
ethanol/TEOS = 1, pH 2 (HCI was used to adjust the pH). Hydrolysis of the sol 
was done at room temperature. The sol was aged and dried simultaneously at 
40 "C for 05 hours. After ageing and drying the pl-l of the sol was raised with 0.5 M 
NaOH to 0.3. 200 ml of the sol was pipetted into Ehe test-tube and sank into liquid 



of example 1 arc presented in 



nitrogen in order to freeze the samples. After that 
vacuum. The calculated Si0 2 dissolution rafe wa> 



Matrix 2 (figure 1) 

The Initial HsO/TEOS (mol ratio) and calculated' p H were: H5.O/TEOS = 30, pH 2.8 
(HCI was used to adjust the pH). Hydrolysis was done at room temperature. The 
pH of the sol was raised with 1 M Nl l 3 to 5.1. The sol was then pipetted into the 
mould and aged for 1 hour in a closed system and after that the gel was aged and 
dried simultaneously at 40 8 C. Drying of; the ■ gel occurred at 40 °C with free 



the samples were freeze dried in 
0.407 wt-%/h. 



evaporation to constant weight. The calcula 
0.170 wt-%/h. 



Matrix 3 (figure 1) 

1 

The initial concentration (mol ratio) and calculated pi I were: H2O/TCOS = 15, p|-| 2 
(HCI was used to adjust the pH). Hydrolysis 
temperature. The sol was aged and dried at 40! 0 



:ed Si0 2 dissolution rate was 



of the sol was done at room 
C for A 2 houre. After that Hie eel 



was pipetted into the mould and aged for 29 h iat 4 °C in the closed mold. Drying 
and ageing of the sol and gel occurred at ;4 u Cj jvith tree evaporation to constant 
weight. The calculated SiD 2 dissolution rate wasi 0.131 wr-%/h. 



Matrix 4 (figure 1) 
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The initial sol concentration (mot ratio) and calculated 
pH 2 (HCI was used to adjust the pH). Hydrolysis 
The sol was pipetted in to the mould and aged af 
gol occurred at 40 °C with free evaporation to ajnptant 
dissolution rate was 0,008 wt-%/h. 



Example 2 

Matrix dissolution was studied by Immersing silica microspheres in 0.005 or 0.05 
M TRis buffer solution (pH 7,4. 37 °C) in in s/n/c 



PRE KIRJAAM0 



pH were: H 2 0/TEOS = 3, 
was done at room temperature. 
40 °C for 145.5 h. Drying of the 
weigh. The calculated Si0 2 



conditions (SiO 2 <30 ppm). TRIS 
was sterilized al 121 n C before use. The dissolution studies were done in the 
shaking water bath. The Si concentration of the! "RiS at different time points was 
measured with spectrophotometer (UV-16bl, Shimadzu) analysing the 
molybdenum blue complex absorbancc at 820 rim. The dissolution of the matrix is 
presented as cumulative release of Si0 2 fron the matrix. The total amount 
(100 %) of Si0 2 is calculated from the theoretical amount of Si0 2 that can be 
obtained from the sol composition according to the net reaction (1 mol of used 
alkoxide. TEOS corresponds to 1 mol SI0 2 ), 

The dissolution of Si0 2 monolith microspheres 1 and 2 of example 2 are 
presented in figure 2. 



Microsphere 1 (figure 2) 
The initial concentration (mol ratio) and calculated pH were; H 2 0/TEOS » 2 P pH 2, 
ethanol/TEOS = 1 (HCI was used to adjust the jp-l). Hydrolysis was done at room 
temperature. The sol was aged and dried simultaneously at 40 9 C for 22 hours. 
After that water and ethanol was added into the sol changing the H 2 0/TEOS moi 
ratio tn 15 and ethannl/TEOS to 5.3. After that pH of the sol was adjusted with 5 M 
NaOH to 6.9. Microspheres were prepared by spraying silica sol with a mini spray 
dryer (B-191, Bilchi Labortechnik AG t Switzerland) within 15 minutes after water 
and ethanol addition and pH adjustment to 6,0/The following process parameters 
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were used; pump 16 %, aspirator 95 %, and floyv 
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600 l/h. The temperature of the 



spray nozzle was 120 °C. The calculated Si0 2 dissolution rate was 2.70 wt-%/h. 

Microsphere 2 (figure 2) 
The initial concentration (mol ratio) and calculated pH were: hbO/TEOS = 30, 
5 pH 2.8 (HCI was used to adjust the pH). j Hydrolysis was done at room 
temperature. The pH of Ihe sol was adjusted afljejr the so! hydrolysis with 1 M NH 3 
to 0. Microspheres were prepared by spraying j silica sol with a mini spray dryer 
(B-191, Ouchi Labortechnik AG, Switzerland) j within 15 minutes after the pH 
adjustment to 5. The following process parameters were used: pump 16 %, 
10 aspirator 95 % and flow 600 l/h. The temperature' ot the spray nozzle was 135 °C 
The calculated Si0 2 dissolution rate was 0.026 yl/t-%/h 

Example 3 

SiO a monoliths were prepared In the following ^ay, the initial concentration (mol 
ratio) and calculated pH were: HpO/TEOS ■ 3, pH 2 (HCI was used to adjust the 
pH). Hydrolysis was done at room temperature. Propranolol (drug) was added into 
the sol. The amount of propranolol was 5 weight^ of the theoretical Si0 2 amount 
in the soi (1 mol TEOS - 1 mol SiQ 2 ). After thej propranolol had dissolved the eol 
was pipetted into the mould end aged at 40 - D C for 145.5 h. Drying of the gel 
occurred at 40 a C with free evaporation to the constant weight. 

Matrix dissolution and propranolol release was studied by immersing silica 
monoliths in 0.005 M TRIS buffer solution (p! j 7.4, 37 °C) in in sink conditions 
(Si0 2 < 30 ppm) and 0.005 M TRIS buffer solution (pH 7.4, 37 °C) saturated with 
SiOj; (Si0 2 120-130 ppm). TRIS was sterilizad at 121 °C before use. The 
dissolution studies were done in a shaking water bath. In a Si0 2 saturated TRIS 
solution the Si0 2 concentration does not increase even if a dissoluble silica matrix 
is placed into the solution. The Si concentration^ f the TRIS buffer at different time 
points was measured with a spectrophotometer (UV-1601, Shimad^u) analysing 
the molybdenum blue complex absorbance a| 820 nm. The dissolution of the 
matrix in TRIS is presented as cumulative lie ease of Si0 2 matrix* The total 
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amount (100 %) of Si0 2 is calculated from the theoretical amount of Si0 2 that can 
be obtained from the sol composition according [to the net reaction (1 mol ot used 
alkoxide, TEOS corresponds to 1 mol Si0 2 ). N6 



matrix dissolution was observer! 
in Si0 2 saturated TRIS. In a Si0 2 saturated I RjS solution the SI0 2 concentration 
5 does not increase even it a dissolving silica matjriic is placed Into the solution. The 
propanoic)! concentration (s measured directly wilh spectrophotometer at a 
wavelength of 227 nm. The release of the propranolol in TRIS and in SiQ 2 
saturated TRIS is presented as cumulative release. 



Si0 2 monolith dissolution in TRIS, and propranolol release in TRIS and in Si0 2 
saturated TRIS are presented in figure 3. 

Curve 1 (figure 3) 

Cumulative release of propranolol in TRIS soluton 



Curve 2 (figure 3) 

Cumulative dissolution of Si0 2 in TRIS solutioiji 
rate was 0.009 wt-%/h. 



Curve 3 (fiflure 3) \ 
Cumulative release ot propranolol in SI0 2 saturs 

Example 4 



The calculated SiG 2 dissolution 



ted TRIS solution. 



ng way. Ihe initial concentration 
= 30, pH 2.8 (HCI was used to 



SIO2 microspheres were prepared in the follow 
(mol ratio) and calculated pH were; H 2 0/TEOS 
adjust the pH). Hydrolysis was done at room temperature- Propranolol (drug) was 
added into the sol. The amount of propranolol was 5 weight-% of the theoretical 
Si0 2 amount in the sol (1 mol TEOS » 1 mol Si0 2 ). Microspheres were prepared 



by spraying silica sol, with a mini spray dryeii 
Switzerland) within 15 minutes after the add 
process parameters were used: pump 16 %, as|p 
temperature of the spray nozzle was 120 n C. 
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Matrix dissolution and propranolol release was studied by immersing silica 
microspheres in 0.006 M TRIS buffer solution (pH 7.4/37 °C) in in sink conditions 
(Si0 2 < 30-130 ppm) and 0.005 M TRIS buffer solution (pH 7.4, 37 °C) saturated 
with SiO* (Si0 2 120-130 ppm). TRIS was sterilized at 121 °C before use. 
Dissolution studies were done in a shaking watar hath. In a SiCk saturated TRIS 
solution the SiO a concentration does not Increas e even if a dissolving silica matrix 
is placed into The solution. The SI concentration jf the TRIS buffer at different time 
points was measured with a spectrophotometer (UV-1001, Shimadzu) analysing 
Lhe molybdenum blue complex absorbance ai 820 nm. The dissolution of tho 
matrix in TRIS is presented as cumulative dissolution of Si0 2 matrix, The total 
amount (100%) of SiO* is calculated from ths theoretical amount of Si0 2 that can 
be obtained from the sol composition according to the net reaction (1 mol of used 
alkoxide, TEOS corresponds to 1 mol SiG 2 ). No matrix dissolution was observed 
in Si0 2 saturated TRIS. The propanolol concentration is measured directly with a 
spectrophotometer at a wavelength of 227 nm. 

TRIS and In SI0 2 saturated TRIS and SiO* microsphere dissolution are presented 
as cumulative releasein figure 4. 



Curve 1 (figure 4) 

Cumulative release of propranolol in TRIS solution. 



20 Curve 2 (Hyure 4) 

Cumulative dissolution of Si0 2 in TRIS solutioh 
rate was 0.016 wt-%/h. 



Curve 3 (figure 4) 

Cumulative release of propranolol in Si0 2 saturated TRIS solution. 



25 Example 5 

Si0 2 monoliths were prepared in the following 
ratio) and calculated pH were: H 2 0/l bOS « 30 
pH). Hydrolysis was done at room temperature 
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simultaneously at 40 °C for 66 hours. After ageing 
was adjusted with NaOH to 6.2 and a BSA-wate • 
the sol. The amount of BSA was 5 weight-% of 
sol (1 mol TEOS = 1 mol Si0 2 )- The H s O/TEOS 
water solution was 34, The sol w as pipetferi 
Drying of the gal occurred at 4 °C with free 



and drying th© pH of the sol 
isolution (protein) was added into 
;he theoretical Si0 2 amount in the 
mnl ratio after adding the BSA- 
the mould and aged at 4 fi C. 
evaporation to the canslaril weight. 



into 



Matrix dissolution and BSA release was studied: by immersing silica monoliths in 
0.006 M TRIS buffer solution (pH 7 A, 37 °C) in tri sink conditions (SiQ 2 < 30 ppm). 
TRIS was sterilized at 121 °C before use. Dissolution studies were done in a 
shaking water bath- Si concentration of the TRIS at different time points was 
measured with a spectrophotometer (UV-1tiD1, Shlmadzu) analysing the 
molybdenum blue complex absonance at 820 : nm. Dissolution of the matrix is 

of SiO<>. The total amount (100%) of Si0 2 is 
calculated from the theoretical amount of S1O2 that can be obtained from the sol 
composition according to the net reaction (I mol of used alkoxidc, TEOS 

BSA concentration was analysed with the 
fluorescence method (Photo Technology International) with NanoOrange Kit 
(Molecular Probes). 



Si02 monolilh dissolution and BSA 



20 Curve 1 (figure b) 

Cumulative release of BSA in TRIS solution. 



release are presented in figure 5. 



TRIS solution. I he calculated Si0 2 dissolution 



Curve 2 (figure 5) 
Cumulative dissolution ot Si0 2 in 
rate was 0.196 wt-%/h. 

25 Example 6 



SiO? monoliths are prepared in tie following way, the initial concentration (mol 
ratio) and calculated pH were; H 2 O/TEOS = 22,! pi 1 2.8 (HCI was used to adjust 
the pH). Hydrolysis of the sol was done at room temperature. pH of the sol was 
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was 30. The sol was pipetted into 
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adjusted wilh 0.5 M NaOH to 5.2 and DSA-water solution (protein) was added into 



weight % of 
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He theoretical Si02 amount in the 



sol (1 mol TEOS = 1 mol SiO z ), [The H 2 0/TEOS: mol ratio after adding the BSA 



5 the gel occurred at 4 D C with free evaporation to 



BSA release was studied by immersing silica rionoliths in 0.005 M TRIS buffer 



solution (pH 7.4, 37 °C} in in s/nfc 



the pH). Hydrolysis was done at 



he mould and; aged at 4 °C for 9fi h. Drying of 



Constant weight. 



conditions (S 



buffer solution (pH 7A f 37 °C) saturated with Si0 2 (Si0 2 120-130 ppm). TRIS 
was sterilized at 121 °C before use. The release 



water bath. In Si0 2 saturated TR 
matrix dissolution. BSA concentration 
spectrophotometer at the wavelength of 220 nrr 



studies were done in the shaking 
S solution BiSA release is not caused by the 
measured directly with a 
The release of the BSA in TRIS 



was 

i 



and In SI0 2 saturated TRIS is presented as cumulative release. 
Release of BSA in TRIS and in SiCp 2 saturated T^IS is presented in figure 6. 

15 Curve 1 (figure 6) 

Cumulative release of BSA in TRI S solution. 

Curve 2 (figure 6) 

Cumulative release of BSA in SiO^ saturated TF^ S solution. 
Example 7 

20 S1O2 microspheres are prepared ir the following! Way, the initial concentration (mol 
ratio) and calculated pH were: H5O/TEOS = 22,! pH 2.8 (HCI was used to adjust 



pa < 30 ppm) and 0.005 M TRIS 



room temperature. pH of the sol was adjusted 
with 0.5 M NaOH to 5.3 and the £!SA-water solution was added into the soL The 
amount of BSA was 5 weight-% of the theoretical SiQ 2 amount In the sol (1 mol 
25 TEOS = 1 mol SIO2). The H 2 oyi"EOS mol ratio after adding the BSA-water 
solution was 30. Microspheres were prepared bylspraying the silica sol with a mini 
spray dryer (B-191, Buchi Labortebhnik AG, Switzerland) within in 15 minutes after 
pH adjustment to 5.3 and BSA addition. The following process parameters wore 



@]030 
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used: pump 1G %, aspirator 95 %, and flow 600 
nozzle was 120 °C, 
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!/h. The temperature of the spray 



BSA release was studied by immersing silica microspheres in 0.005 M TRIS buffer 
solution (pH 7A 37 °C) in in sink conditions (SiO? < 30 ppm) and 0.005 M TRIS 
buffer solution (pH 7.4, 37 °C) saturated with SIQa (Si0 2 120-130 ppm). TRIS 
was sterilized at 121 °C before us6. The release studies woro done in a shaking 
water bath. In the SiOz saturated TRIS solution BSA release is not caused by the 
matrix dissolution. BSA concentration was measured directly with 
spectrophotometer at the wavelength 220 nm. Th& release of the BSA in TRIS 
and in SiOz saturated TRIS is presented as cumulative release. 

Release of BSA in TRIS and in SiCk saturated TjRIS is presented in figure 7. 

Curve 1 (figure 1) 
Cumulative release of BSA in TRIS solution. 



Curve 2 (figure 7) 
15 Cumulative release of BSA in SiQ 2 .saturated TRIS solution. 



It will be appreciated that the methods of 
incorporated in the form of a variety of embodiments 
disclosed heroin, it will be apparent for the 
embodiments exist and do not depart from the 
descriped embodiments are illustrative and should 



; the present invention can be 
, only a few of which are 
specialist in the field that other 
spirit of the invention. Thus, the 
not be construed as restrictive. 
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CLAIMS 



1 . A method for preparing a sol-gel derived 
rate, said Si0 2 optionally comprising a specific 
biologically active agent or agents other than 
protective agent or agents for said hlnloglcally 



method a sol-gel derived SI0 2 Is prepared fym a sol comprising water, an 
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O z with a very fast bioresorption 
percentage or percentages of a 

the Si*o 2 itself with or without 
active agent or agents, wherein 



b) 



alkoxide or inorganic silicate and a lower alcoho 
using a mineral acid or a base as. a catalyst, p 
sol is aged and dried characterised in that 

o) in the sol the starting 

i) pH is from 0.05 to 2,5, preferably 1 .5 

ii) molar ratio ot water to the alkoxide 
preferably 1.5 to 2.5, 

III) molar ratio of alcohol to the alkoxijj 
preferably £ 1.0; and 

either, 

i) the sol is, without induced changes of 

• let lo gel spontaneously at ei|: temperature of <25°C or an 
elevated temperature of 65 '© to 90 °C , preferably at an 
elevated temperature of 65 °C i<! 90 a C, or 

• gelation of the sol is done by foiiced drying of the sol, or 

ii) a change or changes of sol compoeiljon are induced after eol ageing 
but before gel formation, said change or changes of sol composition 
optionally comprising addition of said biologically active agent or agents 
with or without said protective agent or a^nts. and 

the ratio t/t ge i Is £ 0.005, prefe 
wherein 

t is the ageing time of the 



Le. an alcohol with < 4 carbons, 
eferably a mineral add, and said 



to 2.5, most preferably 2.0, 
or inorganic silicate is n.5 to 2.5; 

e or inorganic silicate is >0.5, 



sol composition, 



said sol to the induced changes, and 
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t fle j is the time point where the sol would have turned to a gel 
without the induced changes; and 
forced drying of the sol is carried out or initiated within a time nf 
-£30 minutes, preferably ^15 minutes, most preferably ^5 minutes, from 
5 said induced change or changes. 

2. A method for adjusting the bioresorption rate of sol-gel derived Si0 2r 
optionally comprising a specific percentage or percentages of a biologically active 
agent or agents other than the SiQ 2 itself with or without protective agent or 
agents for said biologically active agent or agents, characterised in that a SiO a 
10 with the fastest bioresorption rate is obtained according to claim 1 ; and a Si02 with 
a slower bioresorption rate than the fastest bioresorption rate Is obtained by 

a) deviating in the sol any of the starting values: 

i) pH, 

ii) molar ratio of water to the alkoxide or inorganic silicate, and/or 
1 5 iii) molar ratio of alcohol to the alkoxide or inorganic silicate; 

tram the values defined in a) i) - iii) of claim 1; 

b) carrying oul induced changes by addition of a component or components, 
including optional addition of the biologically active agent or agents with or without 
said protective agent or agents, said changes affecting any of the values i) - Hi) 

20 of a) of claim 1 or a) if applied by 

i) not carrying out forced drying, or 

ii) carrying out or initiating forced drying of the sol later than defined 
in b) ii) of claim 1: and/or 

c) deviating the temperature for letting the sol gel spontaneously from the 
25 values defined in b) i) of claim 1 . 

3. The method according to claim 1 or 2 characterised in that an alkoxide, 
preferably tetraethoxysilane (TEOS), is used for preparing the sol-gel derived 
SiO*. 

i 
i 

! 
I 
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4. The method according to claim 1 , 2 or 
inorganic silicate, preferably sodium or potas 
the sol-gel derived SiC>2. 



3 characterised in that that an 
siufn silicate, is used for preparing 



i 



{to 4 characterised in that the 



5. The method according lo any of claims 
lower alcohol is ethanol. 

6, The method according to "any of claims 

induced change Is selected from the group consisting of adding water, adding the 
alkoxlde or Inorganic silicate, adding the alcohol 
or base, preferably the acid or base used as 
bioactive agent or agents with or without protective agent or agents for said 
biologically active agent or agents affecting anj> of the values i) - Hi) of a) in 
claim 1 or a) of claim 2 if applied, and any comb i 



1 to 5 characterised in that the 

il 

is 

if adjusting pH by adding an acid 
lie catalyst, adding the optional 



3 

nation thereof. 



7. The method according to any of claims 1 



of the sol is drying by ambient, heat, vacuum;; drying, electromagnetic drying 



acoustic drying, spray-drying or freeze-drying, preferably spray-drying or freeze- 
drying. 



8. The method according to any of claims 1 



b 6 characterised in that drying 



i 



to 7 characterised in that forced 



drying or the sol is carried out, preferably by spray-drying or freeze-drying. 

9, The method according to claim 8 characterised in that forced drying is 
20 treeze-drying initiated by freezing the sol. 



10. The method according to claim 8 c 
temperature of the goI is ^+90°C, prefer 
£+40°C. 

11. The method according to any of claims 
25 gel is dried. 



r : | 0 characterised in that the 
ly +60 °C f most preferably 



to 10 characterised in that the 
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12. The method according to claim 1 
drying by ambient heat, vacuum drying 
spray-drying orfreeze-drying, preferably 



13. The method according to claim 
5 dried at a temperature of <700°C f 
£40 "C, 



ambisn 

i 

h or \i 

i 

ireferab 



PRH KIRJAAMO 



characterised in that drying of the gel is 
• electromagnetic drying, acoustic drying, 



jieat orfreeze-drying. 

Lharacterised in that the gel is 
{ ^ 50 °C, and moat preferably 



14. The method according to any of; claims 
value ro be deviated to obtain a slowei 



2 to 13 characterised in that a 



bioresorption rate is the ratio of water lu 



the alkoxide or inorganic silicate, and cine more> 
inorganic silicate is deviated to be highef 
obtained. 



lb. The method according to any of claims 
value to be deviated to obtain a slower IDIoresoi 
the alkoxide or inorganic silicate, and Ih * mors t 
lower the slower the bioresorption rate obtained 



16. The method according to any o 
value to be deviated to obtain a slower 
the pH Is deviated to be higher or lower 



Ithe ratio of water to alkoxide or 
or lowerjihe slower the bioresorption rate 



claims ? to 15 characterised in that a 
bioresor jtion rate is the pH, and the more 
ie slower the bioresorption rate obtained, 



17, The method according to any of; claims 
biologically active agent or agents is adefed to th 



;1aims 1 



18. The method according to any of 
the values pi I, molar ratio of water to ithe 
molar ratio of alcohol to the alkoxide ©jr 
from the ranges defined in claim 1, *ih i)-iii 

i 

formation and/or optional addition ot ssjd biolo^j 
within <£30 minutes, preferably <15 minutes 
from the change forced drying of the so lis carrig<? 



2 to 14 characterised In that a 
on rate is the ratio of alcohol lo 
ratio is deviated to be higher or 



I to 16 characterised in that a 
sol before gel formation. 



to 17 characterised in that any of 

I 

alkokide or inorganic silicate, and/or 
inorgarjic silicate is changed to deviate 
after sol ageing but betore gel 
cally active agent nr agents, and 
gnd most preferably < 5 minutes 
out or initiated. 
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19, The method according to any of' 'claims 
sol-gel derived SiO^ is a monolith, preferably vfo 
mm; a coating, preferably with a thickness of < 

with a maximum diameter of £ 100 j/m. j 

-I 
j 

5 20. The method according to any of jclaims 1 



biologically active agent or agents is selected from the group consisting of a drug, 
peptide, protein, hormone, growth factor, cnzymk polysaccharide, living or dead 
colls or viruses or parts thereof, plasmids, po; 
6alt6 and any combination thereof. j 
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to 18 characterised in that the 
;h a minimum diameter of 
|3.5 mm; or a particle, preferably 



to 19 characterised in that the 



21 . A bioresorbable sol-gel derived Sips, obtai 
any of claims 1 to 20, characterised in that 

a) the SlOa Is a monolith with a minimum didmeter of >0.5 mm. 

1 ; 

b) the SiO s comprises no biological^ active ajgent other than the SiQ 2 itself. 



22. The Si0 2 of claim 21 characterised in that the dissolution rate of the 3iO z 
in TRIS buffer at a temperature of +37 °p and phjj 7 A is 0.04 wt-%/h, preferably 
^ 0.07 wt-%/h and more preferably ^ Oijl 5 wt -%/h. 



23, A bioresorbable sol-gel derived Sp?, obtainable according lo the method of 
any or claims 1 to 20, characterised in that 

a) the SiU 2 is a monolith with a minirnum didmeter of >0-5 mm, 

'I 

the Si0 2 comprises at least one biologi 
Si0 2 itself, and | 
the dissolution rate of the SiO* in la TRIE 
and pH 7.4 is £ 0.35 wt-%/h. j 



c) 



ynucleotides, water soluble ions, 



hable according to the method of 



cally active agent other than the 
suffer at a temperature of +37 °C 



24, A bioresorbable sol-gel derived SiOp, obtainable according to the method of 
any of claims 1 to 20, characterised in that 



a) 



the SIO2 Is a coating with a thickribss of «= 



the Si0 2 comprises no biologically active agent other than the SiQ 2 itself. 



D.5 mm, 
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25. A bioresorbable sol-gel derived Sf0 2 , obtc 
any of claims 1 to 20, characterised in that 

a) the SIO2 is a coating wilh a thickness of < 

b) the Si0 2 comprises at least nne biologl 
SiQ 2 itself. 



inable according to the method of 

0.5 mm, 
liy active agent other than the 



26. The SiO^ of claim 24 or 25 characterised in that the dissolution rate of the 



Si02 in TRIS buffer at a temperature of +37 
preferably ^ 0,07 wt-%/h and more preferably * 



27. A bioresorbable sol-gel derived S\Oz, obt^i/iablc according to the method of 
any of claims 1 to 20 characterised in that 
a) the S1O2 is a particle with a maximum diaiprieter i 
the SiO a comprises no biologically active] 



and 
c) 



the dissolution rate of the SiOg in TRIS 
and pH 7.4 is ^ 0.04 wt-%7h, preferably 
fed. 1b wt-%/h. 



E and pH I A is ^0.04wt-%/h, 
0.15 wt-%/h. 



of <100//m, 
jent other than the SlO a Itself, 



jffer at a temperature of +37 W C 
.Of wt-%/h and mora preferably 



28. A bioresorbable sol-gel derived Si0 2 , obtainable according to the method of 
any of claims 1 to 20 characterised in that 
a) the SiC>2 is a particle with a maximum diapijeter , 
h) the SiQ 2 comprises at least one blolog 

Si0 3 itself, and 
0) the dissolution rate of the Si0 2 in I RIS 

and pH 7.4 is > 0.5 Wt-%/h. 



25 



29. The Si0 2 according to any of claims 22 f 
the dissolution rate of the Si0 2 is ^ 0.30 wt-%/h 
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buffer at a temperature of +37 °C 



26 and 27 r characterised in that 
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30. The SiO? according to claim 23 or 29, characterised 
rale of the S1O2 is ^0.5wt-%/h preferably 
2: 2,0 wt-%/h and moat preferably 4.0 wt-%/h. 



in that the dissolution 
£=1.0 wt-%/h, more preferably 



+37 



31 . The Sia 2 according to claim 21 characteribed 
the SIO2 In a TRIS buffer a I a lemperature of 
to 0.15 wt-%/h, preferably from 0,002 to 0.07 w;- 
0.006 to 0.05 wl-%/h. 
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in that the dissolution rate of 
C and pi I 7.4 is from 0.001 
%/h f and more preferably from 



32. A bioresorbable sol-gel derived Si0 2l obtainable according to the method of 
any of claims 1 to 20, characterised in that 

a) the Si0 2 is a monolith with a minimum dianeter of 5>0.5 mm, 

b) the S1O2 comprises at least one biologically active agent other than the 
S1O2 itself, and i; 

c) the dissolution rale of the Si0 2 In a TRIS suffer at a temperature of +37 °C 
and pH 7.4 is from 0.001 to 0.06 iyt-%/h, preferably from 0.002 
to 0.05 wt-%/h, and from 0.006 to 0.025 w£%/h. 



33. The Si0 2 according to claim 24 or 25 
rate nf the SIQ 2 In TRIS buffer at a temperature 
0.001 to 0.15 wt-%/h, preferably from 0.002 to 
from 0.006 to 0.05 wl-%/h. 



characterised in that the dissolution 
of +37 °C and pH 7.4 is from 
.07 wt-%/h, and more preferably 



habie according to the method ot 



34, A bioresorbable sol-gel derived Si0 2 , obtafi 
any of claims 1 to 20 characterised in that 

a) the SiOz is a particle with a maximum diarrjioter of 100 //m, 

b) the SiO? comprises no biologically active! agent other than the Si0 2 itself, 
and : 

25 c) the dissolution rate of the SIO2 In TRIS ljuffer at a temperature of +37 °C 
and pH 7.4 is from 0.001 to 0.008, 
0.003 wt~%/h. 
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35- A bioresorbable sol-gel derived Si0 2t obtainable according to the method of 
any of claims 1 to 20 characterised in that 
a) The Slo 2 is a particle with a maximum diameter > 
the Si0 2 comprises at least one biologically 
SiQ 2 itself, and . 

the dissolution rate of the Si0 2 in TRIS 
and pH 7.4 is from 0.001 to 0,10 
to 0.07 wt-%/h, and more preferably from 



b) 



36. A bioresorbable sol-gel derived SiO* obtainable 
any of claims 1 to 20, characterised in that sejd 
active agent other than the Si0 2 itself and ea 
peptide or protein. 



of <s100//m, 

active agent other than the 



buff* 



\fljrt 



QJ 



er at a temperature of +3/ °C 
%/h, preferably from 0.002 
006 to 0.05 wt-%/h. 



according to the method of 
Si0 2 comprises a biologically 
d biologically active agent is a 



37. A bioresorbable sol-gel derived Si02, obtainable according to the method of 
any of claims 1 to 20, 'characterised in that sa;id SiO^ comprises a biologically 
1 5 active agent other than the S\0% itself and said biologically active agent is a cell 



38. The SI0 2 of claim 36 or 37 characterlsetilin that the dissolution rale of lire 
SiOa in TRIS buffer at a temperature of +37 °C and pH 7.4 is ^0.04wt-%/h, 
preferably > 0.07 wt-%/h and more preferably S> 10-15 wt-%/h. 



20 



39. The Si0 2 according to claim 38, characterised in that the dissolution rate 
of the Si0 2 is > 0.5 wt-%/h and preferably > 4-0 fvt-%/h. 



40. The SiO* according to claim 36 or 37 characterised in that the dissolution 
rate of the SiQ 2 in TRIS buffer at a temperature of +37 a C and pH 7.4 is from 
0,001 to 0.15 wt-%/11, preferably from 0.002 to Q.07 wt-%/h, and more preferably 
from 0.006 to 0.05 wt-%/h. 



25 41. Use of a bioresorbable sol-gel derived :Si0 2 obtainable according to the 
method of any of claims 1 to 20 for administering a biologically active agent to a 
human or animal body wherein said use comprises administering selected from 
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Ihe group consisting of oral, buccal, rectal, parenteral 
intrauterine, vaginal, urethral, topical and transdermal 



PRH KIRJAAMO 



, pulmonary, nasal, ocular, 
administering. 



10 



42. Use of a bioresorbable sol-gel derived SiOa according to any of claims 21 to 
40 for administering a biologically active agenlt to a human or animal body, 
wherein said use comprises administering selected from tho group consisting of 
oral, buccal, rectal, parenteral, pulmonary, nasial, ocular, intrauterine, vaginal, 
urethral, topical, transdermal and surgically implantable administering, 

43. Use of a bioresorbable sol-gel derived SIO2 obtainable according to the 
method of any of claims 1 to 20 for administering a biologically active agent to a 
plant. 



44. Use of a bioresorbable sol-yel derived S162 
40 for administering a biologically active agent to 



according to any of claims 21 to 
a plant. 




**. : 
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ABSTRACT 



The present invention relates to a method for preparing a sol-gel derived SiOs with 
a very fast bioresorption rate wherein a sol-gel d ! eirived SiO B is prepared from a sol 
comprising water, an alkoxide or inorganic silicate and a lower alcohol using a 
mineral acid or a base as a catalyst and said sol is aged and dried. Characteristic 
tor the method is that pH is from 1.5 to 2.5, mol^r ratio of waler to the alkoxide or 
Inorganic silicate is 0.5 to 2.5, of alcohol to the alkoxide or inorganic silicate is 
£ 0.5; and Ihe sol is either let to gel without induced changes of composition and 
without forced drying of the sol, or a change ;of composition are induced; and 

i 

within a time of ^ 30 minutes, from the induced change forced drying of the sol is 
carried out or initiated. The present invention also relates to a method for 
adjusting the bioresorption rate ot sol-gel derived SiO fi . Characteristic for the 
adjusting method is that a SiG 2 with rhe fastest bioresorption rate Is obtained 
according to the method referred to above; and a SiCfe with a slower bioresorption 
rate than the fastest bioresorption rale is obtained by deviating any of the 
parameters: pH, molar ratio of water to the alkoxide or inorganic silicate and/or 
molar ratio of alcohol to the alkoxide or inorganic silicate; carrying out induced 
changes by addition of a component or componeite and/or optional addition of the 
biologically active agent or agents, said changes affecting any of the values by not 
carrying out forced drying, or carrying out or initiating forced drying of the sol later; 
and/or deviating the temperature for letting tine sol gel spontaneously. The 

invention further relates to bioresorbable sol-gel derived SiO? obtainable by the 

j i 

methods of the invention and lo their use in administration of biologically active 
agents, 
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